Objective: This study was designed to describe the anatomic insertion point of the deltoid to the proximal humerus.
T he deltoid muscle consists of three parts: anterior, middle or lateral, and posterior. The anterior and posterior parts are unipennate but the middle is bipennate or multipennate. [1] [2] [3] The anterior deltoid originates primarily from the superior and anterior surfaces of the lateral third of the clavicle and the acromion. The lateral and posterior parts of the deltoid originate from the superior and lateral acromion and the posteriorinferior border of the scapular spine, respectively. The whole muscle inserts into the deltoid tuberosity on the lateral aspect of the humerus. 3 Open reduction and internal fixation (ORIF) with plates and screws is an accepted treatment of displaced proximal humeral fractures often requiring elevation of the anterior portion of the deltoid insertion to facilitate lateral plate placement. 4, 5 Elevation of the deltoid insertion has the potential to compromise the insertion point causing functional weakness or avulsion. 2, 5 Patients with neurologic injury and inferior shoulder subluxation could be further jeopardized by this procedure. Literature on the extent of the deltoid insertion is limited and, therefore, it is difficult to judge what proportion can be detached safely. 2 The purpose of this study was to define the anatomic boundaries of the deltoid insertion to the proximal humerus. This information may be clinically relevant in aiding the surgeon to determine what proportion of the deltoid can be elevated to facilitate plate application to the proximal-lateral aspect of the humerus when using the deltopectoral approach.
MATERIALS AND METHODS
Eighteen humeri from 9 cadavers (5 females, 4 males) were used. The specimens were stripped of all tissue, except the deltoid's insertion point. The total humeral length (superior aspect of the greater tuberosity to the inferior aspect of the capitellum) and the distances between the greater tuberosity and the proximal and distal insertion points were measured (Fig. 1) . The humeri were then transected, with a band saw, 5-mm distal from the proximal deltoid insertion, 5-mm proximal to the distal insertion point, and midway between these 2 points. These points of assessment were selected to give a gross characteristic of the deltoid insertion through all aspects of the insertion. The circumference of the humerus at the transection points was measured, and the portion of the circumference onto which the deltoid inserted also was measured. The proportion of humerus onto which the deltoid inserted was expressed as a percentage of the whole humeral circumference. The measurements were accurate to #1 mm and were repeated 3 times by the same investigator for consistency. The differences in the above measurements were noted between the genders and left and right limbs.
RESULTS
Differences between the left and right limbs and male and female specimens were found for humerus circumference and deltoid insertion size (Tables 1 and 2 ). However, the only statistical significant differences found by using the MannWhitney test were between the male and female specimens: left proximal humeral circumferences (z = 22.449, P = 0.016); left distal humeral circumferences (z = 22.091, P = 0.032); right proximal humeral circumferences (z = 22.449, P = 0.016), and right middle humeral circumferences (z = 22.46, P = 0.016). The proportions of deltoid insertions to humeral circumferences at the proximal, middle, and distal insertion points in males were 6.7%, 37.8%, and 28%, respectively, and in females 8.8%, 39.9%, and 32%, respectively. We also noted that the proximal deltoid insertion width was greater on both sides in females compared with males. The other insertion widths were greater in males. These differences were, however, not statistically significant. The mean distance from the bicipital groove to the deltoid tendon, at each reference point, was 5 (range, 2-10) mm at the proximal insertion, 4 (range, 1-8) mm at the mid point, and 7 (range, 2-14) mm at the distal aspect of the insertion. The other results of the measurements taken are shown in Figures 1 to 4 .
DISCUSSION
The 3 parts of the deltoid muscle originate from different sites but insert via 1 tendon into the deltoid tuberosity. This broad insertion is an important consideration when using the deltopectoral approach for displaced proximal humeral fractures. ORIF of these fractures often requires partial elevation of the deltoid insertion anteriorly to facilitate plate placement.
In previous literature, there has been concern about the degree of functional compromise incurred by releasing the anterior part of the insertion. 5 Klepps 2 et al recently postulated that there are 3 areas where each of the 3 individual parts of the deltoid insert into the humerus. According to their findings, disruption of more than one-fifth of the anterior deltoid insertion would compromise anterior deltoid function resulting in weak arm flexion and abduction. Yang 6 and Gill and Torchia 7 FIGURE 1. Humeral length, distance of insertion from greater tuberosity and length of deltoid insertion. treated a patient with a dynamic compression plate contoured in a spiral fashion to preserve the deltoid insertion. Other sources quote that the broad deltoid insertion may be partially elevated without functional consequence. 4 The deltopectoral approach has been widely used with partial detachment of the anterior insertion point. Despite these fears, there is no reported literature on postoperative avulsion weakness of the anterior deltoid. Apparently, the broad deltoid insertion allows for partial detachment during plate placement without resulting in complete avulsion.
A 4.5-mm, narrow, low-contact, dynamic compression plate (LC-DCP), 13.5-mm wide (Synthes, Paoli, PA), has been used for stabilization of proximal humeral fractures routinely. At the mid point of the deltoid insertion, the muscle uniformly encompasses 39% (30 mm) of the humeral circumference and 31% (23 mm) at the distal insertion point. At least one-half of the insertion would remain if it were elevated for placement of the above plate. Hence, the insertion appears to be large enough to allow partial deltoid elevation without compromise of the entire insertion. Smaller plates are available, such as the 12-mm wide, 3.5-mm proximal humeral locking plate (Synthes). 8 These are currently being used for internal fixation of these fractures further minimizing the degree of detachment. Although most of the right humeral and deltoid measurements were greater than those of the left humerus, this would not affect the proportion of deltoid elevated for plate placement. This also would apply to the differences between the male and female humeral and deltoid measurements.
What is not clearly understood is how much elevation can be undertaken before compromising the remaining insertion and making it susceptible to avulsion. The microanatomy of the insertion was not characterized in this study and the type of attachment may influence the overall structural integrity and strength of the insertion. To determine the biomechanical consequences of deltoid detachment, further investigation of partial detachment and mechanical testing to failure would be required. Further studies to evaluate postoperative clinical and functional outcomes would aid in determining the degree of compromise to anterior deltoid function caused by elevation of the deltoid insertion.
